Influence of annealing and crosslinking of PVA films on gallic acid release kinetics and antioxidant properties.
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Polyvinyl alcohol (PVA) coatings are a sustainable and eco-friendly solution that offers excellent oxygen barrier properties1 and is safe for food contact packaging materials and can be formulated to actively protect food2. However, improvements are required due to their high sensitivity to water and poor mechanical properties. Crosslinking with citric acid, a natural chemical crosslinking agent, combined with annealing, can address these limitations3. This study aimed to investigate the effects of crosslinking and annealing on the antioxidant properties and release behavior of gallic acid. Films were composed of 78.4% (w/w) PVA, 16.6% citric acid (cross-linker) and 5% gallic acid (antioxidant) and obtained from film-forming solution cast and dried for 24h at room temperature. Films were then annealed in oven at 100°C for 30 minutes. Kinetics of release of gallic acid were conducted in food simulant according to UE/10/2011 normalized test 4. Samples were periodically assayed and analyzed by UV-VIS spectrometry. From the kinetics and the analytical solution of the 2nd Fick’s law proposed by Crank. (1975)5, the apparent diffusion coefficient of this antioxidant was calculated. The Radical Scavenging Activity (RSA) of films was measured using the DPPH• test 6. 
Results indicate a competitive interaction between the crosslinker and the antioxidant. Notably, the timing of antioxidant addition after introducing the crosslinker significantly influenced the properties and release rate. The findings demonstrate that incorporating a crosslinker and applying annealing greatly enhance the release rate of gallic acid. The interactions involved between GA and biopolymer chains are able to control the release mechanism and thus it should be considered for an optimized antioxidant activity. The diffusion coefficient (D) of GA was calculated from the release kinetics and was higher when films were annealing or incorporated citric acid. The structural analysis by FTIR confirms the assumptions of intermolecular interaction between PVA, citric acid and GA when films was annealing and could explain the results of the release properties. 
In conclusion, this study provides valuable insights into optimizing the antioxidant properties of PVA coatings for potential food packaging applications.
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